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Abstract: Sun glint is a significant confounding factor in passive optical remote sensing images. To mitigate this
issue, a polarizer is typically incorporated in front of the remote sensor, leveraging the linear polarization
characteristics of sun glint. The suppression effects depend on the relative position of the sun and the remote
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sensor, as well as the directions of polarizers. In this paper, we introduce a novel onboard system for the real-time

computation of Sun glint polarization parameters, devised specifically for a spaceborne atmospheric correction

instrument. Utilizing three channel polarization images (at 0°, 60°, and 120°) in the 670 band of the spaceborne

atmospheric correction, we calculate the sun glint parameters and compared them against the 6S radiation transfer

model, excluding image pixels heavily influenced by the could. The system is implemented using the V5 series

Field Programmable Gate Array (FPGA) as the hardware platform, and the High-Level Synthesis Tool (HLS) as the

software platform. The performance of the system is verified through a simple laboratory experiment, which

demonstrates a calculation deviation within 0.5°. In terms of computational efficiency, the system processes a

25x25 pixel dataset in 19.47281 ms using a 100 MHz clock, with the highest resource utilization rate reaching 41%.

Keywords: sun glint; field programmable gate array; polarization measurement; hardware acceleration
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FEIR+yE N 1, ARABEES x,, v, 43 5 0 X R sin,
cos M{H, XHRKRIA BB IR,

AN ) 326 AR U B A M B RTE % # B T SE 1A
IHEAE R L BRAM o, Sl AR, W5k 3 s,

% 3 CORDIC F kXA -F
Table 3 CORDIC algorithm iteration factor

i tan6 6 Iteration factor
0 1 45 0.70711

1 0.5 26.56505 0.63246

2 0.25 14.03624 0.61357

3 0.125 7.12502 0.60883

4 0.0625 3.57633 0.60765

5 0.03125 1.78991 0.607352

6

0.015625 0.89517 0.607278

2% 4 25 # A CORDIC A% 12 %k, HLS H
WY sin BREL, Z&E) 4 BYJRIT, =FhJr it sin30°
JUT I 8 5 5 G O R TRD VS AR AR kR O, AR
$& Latency il Interval YK/, A LIF5 H CORDIC &
EITRE AR/ N, FRERE SR

PN T SNy s eIy

Table 4 Performance and resource comparison of three algorithms

Latency Interval DSP48E FF LUT

CORDIC 4 1 0 442 3640

sin 39 39 3 226 1119

Taylor 36 36 6 2942 4678
3.4.2 HLS {4k

Vivado HLS 2t T 2R AR MA R Verilog
S, DASEHURN RIS RTL ML AT LUAREAS [ A9 75
KEFEGE R ILILHE A, DL S B R A e T AE Y
A

TEFEA AR AT, Pipeline, Dataflow £ Unroll
F8 40T LA T AR St e ki Al D A fal i #E . BN
0L, HLS #A6 C i 5 M BITUY , MU o
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B RN pE B N ER A AL PRI . Dataflow 54 f# HLS
REUSTE b — A eREICR 1 R 58 BUIT A BRI R F R — A
PRALEMR, 1M Pipeline 548 HLS REGSTEAE P B3 R %L
H RIS R THRAE o X 254 A8 AR L, (3
AV IATEAE, A T AR T
RTL (4t it . HLS H B8 PR BRIAE O T B8
&% . I Unroll 48 4 JRIFIE A I 7€ RTL &3t h
BIEEZARIA, DB 2R s 1 T T,
NITE = € A R RSt o 2 o W 51 RS 2 SO
JeoR T HEA 146 A DA A JE A AR ) B IR T REXT L
A5 HRALHT G MAL L TR IE ALIAR

Table 5 Performance and resource comparison before and after

optimization
Latency FF DSP48E
Before  After Before  After Before  After
GHT 181 109 3317 4883 12 4
CDOLP 104 69 1852 3430 0 0
MDOLP 1397 368 8191 8729 14 20

4 ZEIIE

N T BIE R G OK B B A R RS
TESH S FE A T IRIRVEI SR B, Wl 6 s, fil
FRT M IR 7 2 A AR IR BARAVE DO, IF

N T S
e, e v el

A6

Fig. 6 Line biased light source and atmosphere calibration
instrument probe

fefi AR IEAHEA T
SERRE I RGN R = (21) B .

(DN1-C)/(AT)
S.. =G™'| (DN2-C)/(AT)
(DN3-C)/(AT)

0.338 0.327 0336 |[ (DN1-400)/(513.08)

=[ 0.306 0.358 —0.664 || (DN2-400)/(513.08)

-0.588 0.570  0.017 Il (DN3-400)/(513.08)

21
X 0°ZE i P G IR AT &, HAAE R E 6
FiR o
HAwI I BTG RAFE R G 25, dR e
PRI 0277 1], BEHELE RN (22) Fs

0.339 0.327 0.335 ]| (DN1-400)/(513.08)
Sin=| 0.088 0.532 -0.620 || (DN2-400)/(513.08) |.
-0.656 0.413  0.243

(DN3 —400)/(513.08)
(22)

300 o 9 R Qi B ' 5 ) i 4 75 132 £ (angle of light)
B, I0SET 670 nm B = AN H O R T I MEL,
[ RN FPGA 2 54 1 G im o B A = 71, JF
XPHAT SRR ZE . SCRMNRAE R A% 7 Fow,
AIHI FPGA 121745 R M2 Ak 3 5 Lot Ty AL FA i
A3, FHOCRBKT 0.99; AR B 22
/INT0.03, FRIRIR AR ZE/N T 0.5°

A6 0°EImiKsE R

Table 6 0° experiment results

Parameter Value
Mean DN1 3717
Mean DN2 5562
Mean DN3 740
DOLP 0.967
Standard deviation of DOLP 0.023
AOP 4.377°
Standard deviation of AOP 0.112

AT FHmReER

Table 7 Experiment results

Angle of light MEAN DN1 MEAN DN2 MEANDN3 DOLP  Standard deviation of DOLP AOP Standard deviation of AOP
30° 1127 5937 3002 0.971 0.003 30.10 0.098
60° 728 3687 5612 0.976 0.002 60.45 0.126
90° 2963 1102 5982 0.974 0.003 90.35 0.100
120° 5569 734 3708 0.970 0.002 119.94 0.120
150° 5972 2971 1104 0.975 0.003 150.20 0.107
180° 3727 5559 735 0.973 0.002 180.30 0.110
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oY T I TR S R B I ) 55K

FIH B RS IE SRR GE J1 M FPGA 5,
Wt T —Fh R S DR IR A R R 5. H N
TR PR BRSO RN B R, SR 3 T RS 4
i 44 778 FPGA Bl sk Bk #2 . (1]
HLS Jf & T B A7 oI At i e p o fe, e sess
FNRIUE T RGERTERPERE . LR EN, %R
B 5 v f S R 19.47281 ms, AR 2/
F0.5°, BEEHZ 41%, W2 RGBTSR,

B2 3CHR
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Design and implement of a space-borne sun glint
polarization parameter computing system

Li Yuhao'?, Ji Fengl, Qiu Zhenwei’, Chen Feinan®, Li Zhuoran®, Chi Gaojunz, Chen ]ingjingl,

2y 2
Hu Yadong®, Li Mengfan
Data FPGA Data
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!
Module2 sunglint
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[ ]
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System information flow diagram

Overview: In passive optical remote sensing, the phenomenon of sun glint presents a substantial challenge in the
acquisition and processing of high-quality images. Sun glint is the specular reflection from surfaces like water. Water
bodies are characterized by low reflectivity, which classifies them as dark targets within the context of remote sensing.
The radiation of sun glint is usually dozens of times higher than the target's radiation, and is easy to cause sensor
saturation, leading to serious interference with the detection target. The current methods for suppressing solar glint in
remote sensing imagery are mainly conducted on the ground. However, these approaches are often reactive rather than
preventive and may not be suitable for real-time applications. According to Fresnel's law, the vertical component of sun
glint is usually greater than the parallel component. In space, to mitigate this issue, a polarizer is typically incorporated
in front of the remote sensor, leveraging the linear polarization characteristics of sun glint. The suppression effects
depend on the relative position of the sun and the remote sensor, as well as the directions of polarizers. With the rapid
development of satellite technology, the traditional method of installing parallel linear polarizers is difficult to meet our
requirements. So, to suppress sun glint accurately and timely, we introduce a novel onboard system for the real-time
computation of Sun glint polarization parameters, devised specifically for a spaceborne atmospheric correction
instrument. Utilizing three channel polarization images (at 0°, 60°, and 120°) in the 670 nm band of the space-borne
atmospheric correction, we calculate the sun glint parameters and compare them against the 6S radiation transfer
model, excluding image pixels heavily influenced by the cloud. The system is implemented using the V5 series Field
Programmable Gate Array (FPGA) as the hardware platform, and the High-Level Synthesis Tool (HLS) as the software
platform. By utilizing the Cordic algorithm, converting data to appropriate datatypes, and implementing pipeline
unrolling methods, we achieve a balanced trade-off between speed and resource allocation. A simple experiment was
built to verify the system in the laboratory. The experiments performed that the calculation deviation is within 0.5°,
calculating the 25 pixelsx25 pixels data costs 19.47281 ms in 100 MHz clock, and the highest resource utilization rate
accounts for 41%, meeting the requirements of the accuracy, real-time performance, and resource consumption.

LiY H, Ji F, Qiu Z W, et al. Design and implement of a space-borne sun glint polarization parameter computing system[J].
Opto-Electron Eng, 2024, 51(4): 240002; DOI: 10.12086/0ee.2024.240002
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